INTRODUCTION
Triacylglycerol TAG composition is a critical characteristic in the quality of fats and oils because it can affect not only their physiological properties such as melting point and crystallization but also their nutritional properties such as susceptibility to lipase-hydrolysis. Therefore, TAG composition is often analyzed not only in vegetable and animal oils but also in processed fats and oils such as margarine and shortening. The analytical method for determining TAG composition in these products has been adopted as the official method by the American Oil Chemists Society 1 . In the standard method, the high-performance liquid chromatography HPLC using an octadecyl silica ODS column and a mixture of acetone and acetonitrile as the mobile phase is applied. On ODS columns, TAG molecular species often elute according to polarity, although this separation depends on their distribution coeffi cient. However, the separation of TAG molecular species is sometimes in-rahydrofuran 1:1, by vol for palm oil .
HPLC
The C22 and C30 columns used in the collaborative studies are listed in Table 1 . Two types of C22 and 2 types of C30 columns were used. A mixture of acetone and acetonitrile was used as the mobile phase at the range of 50:50-75:25, by volume. The fl ow rate was nearly 1.0 mL/ min. TAG molecular species were monitored with a refractive index detector at 40 . The injection volume of sample solution was 10 μL.
We analyzed triplicate samples prepared from each vegetable oil twice, equaling 6 data sets for each oil. TAG molecular species were identifi ed through comparison of retention time with authentic TAGs and a chromatogram of references 1, 2 , and molecular weight determined using mass spectrometry. Analysis of TAG molecular species showed a combination of fatty acids but not their position at the glycerol.
RESULTS AND DISCUSSION
Typical chromatograms of soybean, rapeseed and palm oils are shown in Figs. 1 to 3. All laboratories obtained similar chromatograms for these oils we examined in regardless of the columns and mobile phase used. All TAG molecular species were eluted on chromatograms within 45 min. On the C20 or C30 column, TAG molecular species are eluted in order of partition number PN , which is the total carbon number of acyl group minus 2 times the total number of double bonds shown in the TAGs using the ODS column 5 , although the positional isomer of TAG molecular species cannot be separated. Remarkable peaks from TAG molecular species were observed in the range of PN 38-50 for soybean oil Fig. 1 . Eighteen kinds of TAG molecular species were detected in soybean oil, although stearoyllinoleoyllinolenoylglycerol SLLn overlapped with palmi- Rapeseed oil also showed some peaks in the range of PN 38-50, and contained at least 16 kinds of TAG molecular species Fig. 2 . Some TAGs containing linolenic acid 18:3 or eicosenoic acid 20:1 were present in rapeseed oil, as it contained about 8 of 18:3. Conversely, palm oil showed remarkable peaks in the range of PN 44-50, although minor peaks were eluted after PN 50 Fig. 3 . Palm oil contained at least 14 TAG molecular species. In palm oil, some peaks from diacylglycerols were also observed.
Tables 2 to 4 show the compositions of TAG molecular species in soybean, rapeseed, and palm oils, although TAG molecular species do not always have the same sensitivity for the refractive detector. TAG composition was estimated as a percentage of the area of individual TAG molecular species divided against total peak area. Tables 2 to  4 show only mean values of TAG compositions, because the reproducibility of data obtained in individual laboratories was excellent and the standard deviation was below 0.1 . Most TAG molecular species in the tested vegetable oils had coeffi cient of variation CV below 10 , although those with content below 2 showed more than 10 CV. No signifi cant difference in TAG composition in soybean, rapeseed, and palm oils was discovered among the laboratories, regardless of the column or mobile phase used.
The main TAG molecular species in soybean oil were trilinoleoylglycerol LLL , dilinoleoyloleoylglycerol OLL , dilinoleoylpalmitoylglycerol, and palmitoyloleoyllinoleoylglycerol POL , as shown in Table 2 . They accounted for 60 of the TAG molecular species in soybean oil. In rapeseed oil, the main TAG molecular species were trioleoylglycerol OOO and dioleoyllinoleoylglycerol OOL , as shown in Table 3 . It is interesting that dioleoyleicosenoylglycerol OOE containing eicosenoic acid 20:1 was detected in rapeseed oil. Moreover, SLLn, which was observed in soybean oil, was not detected in rapeseed oil.
Palm oil contained mainly TAGs with palmitic 16:0 and oleic 18:1 acids such as dipalmityololeoylglycerol PPO and dioleoylpalmitoylglycerol POO . These TAGs accounted for more than a half of the TAG molecular species. Palm oil contained trace amounts of TAGs containing myristic acid 14:0 , such as myristoylpalmitoyllinoleoylglycerol Table 5 .
Rapeseed oil consisted mainly of TAGs with PNs 44 22 , 46 27 , and 48 36 , as shown in Table 6 . Palm oil consisted mainly of TAGs with PNs 46 23  and 48  65 , and the PNs of TAGs in palm oil were lower than those of TAGs in soybean and rapeseed oils Table 7 .
The CV for the composition value of nearly every PN in In this study, we also collaboratively examined the TAG composition of soybean, rapeseed, and palm oils using the HPLC method with an ODS column particle size, 5 μm , as proposed by AOCS. In this method, the TAG composition is expressed on the basis of equivalent carbon number ECN , which is comparable to PN. We compared the data obtained using the AOCS method and those from our method. CV observed using the AOCS method was higher than that in our method using C22 and C30 columns data not shown . We assumed that the reproducibility and precision of our method would be preferred over the AOCS method because of the better resolution of individual TAG molecular species obtained on a C22 or C30 silica column.
TAG molecular species are generally detected using an ultraviolet or evaporative light scattering detector 2 4 , a fl ame ionization detector 6 , mass spectrometry 1, 7, 8 or a refractive index detector on HPLC. Our results showed that the refractive index detector had good reproducibility, although the gradient system for it is unavailable. We confi rmed that the HPLC method using a C22 or C30 silica column to analyze TAG composition of vegetable oils was unaffected by the type of column and mobile phase used. Our results also showed that this HPLC method would be useful for analyzing TAG composition in vegetable oils.
